1. Experiments were performed on hippocampal CAI pyramidal cells to investigate the time course of a slow, Ca2+-activated K+ current that follows a burst of action potentials. At a temperature of 27-30°C, this current rises to a peak 200-400 ms following the cessation of Ca2+ entry before decaying to baseline in 4-8 s. 2. Intracellular recordings were made using electrodes containing the photolabile calcium buffers nitr-5 or DM-nitrophen loaded appropriately with Ca2 . Under these conditions, photolysis of the compound using an ultraviolet flashlamp caused an instantaneous increase in cytoplasmic Ca2+ throughout the cell. The response to flash photolysis was a membrane hyperpolarization with an onset limited by the membrane time constant. Multiple (up to twenty) flash responses could be generated. 3. The postspike slow after-hyperpolarization (AHP) and flash-induced hyperpolarizations showed a common sensitivity to the fl-adrenergic receptor agonist isoprenaline.
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4. Following a burst of spikes, the current underlying an AHP in progress could be terminated or reduced by photolysis-induced production of calcium buffer from diazo-4 within the cell. This action was rapid (within the settling time of the flash artifact, i.e. < 10 ms) despite the fact that the manipulation occurred 400-500 ms following the end of Ca2+ entry.
5. Partial block of the slow AHP by buffer production was accompanied by an increase in the time to peak of the event. 6. The time to peak of the slow AHP could also be manipulated by experiments which altered the spatial distribution of Ca2+ entry, such as production of calcium spikes or dendritic depolarization by glutamate in the presence of tetrodotoxin.
7. The Ca2+-dependent K+ current responsible for the slow AHP responds immediately to increases or decreases in cytoplasmic Ca2+. It seems likely, therefore, that the slow AHP is controlled solely by changes in free Ca2+ and that the time course is governed by the redistribution of cytoplasmic Ca2+ following activity-induced entry through voltage-or receptor-operated channels.
Pyramidal neurones of the rat hippocampus contain two Ca2+-dependent K+ currents with clear and separate roles in the regulation of excitability. Following entry of Ca2+ during an action potential, a Ca2+-dependent K+ current is activated sufficiently rapidly to take part in repolarization of sodium spikes (Lancaster & Nicoll, 1987; Storm, 1987) . This current is sensitive to charybdotoxin and submillimolar TEA and probably represents activity of the large-conductance, voltage-sensitive channel (variously termed I, or Bk) observed in many cell types.
A second Ca2+-activated K+ current is responsible for a slow after-hyperpolarization (AHP) that is prominent following a short burst of action potentials and is responsible for spike frequency adaptation. Although obviously dependent on Ca2+ entry, this current has the intriguing property of rising to a peak amplitude up to 0-5 s following the end of Ca2' entry during action potentials. Since this time course is also observed for the reversed current in elevated extracellular K+, it is unlikely to be caused by a superimposed inward current (Lancaster & Adams, 1986) . Suggested reasons for the delay include slow diffusion (Lancaster & Nicoll, 1987) , an enzymatic cascade (Schwindt, Spain & Crill, 1992) and Ca2"-induced Ca2' release (Sah & McLachlan, 1991 
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To investigate the time course of the slow AHP we have used the properties of photolabile calcium buffers to control Ca2"-dependent hyperpolarizations within single pyramidal neurones. Using these compounds, free Ca2+ or calcium buffer can be generated, effectively instantaneously, within a cell at a given time. Furthermore, the change in Ca2+ levels is uniform throughout the cell. In contrast, entry of Ca2+ through voltage-gated channels may not be uniform, because certain types of calcium channels are more concentrated over certain areas of the cell (Westenbroek, Ahlijanian & Catterall, 1990) . In addition, the degree of somatic and dendritic depolarization is not uniform during action potentials and this will also serve to localize Ca2" entry through voltage-dependent channels to particular areas of the cell (Jaffe, Johnston, Lasser-Ross, Lisman, Miyakawa & Ross, 1992.) . Complementary information regarding this question was obtained by further experiments in which the degree of somatic or dendritic Ca2" entry was manipulated and shown to affect the time course of the slow AHP.
Some of this material has been published in abstract form (Lancaster & Zucker, 1991 To load cells with nitr-5, DM-nitrophen or diazo-4, these compounds were included in the pipette tip diluted with the principal electrolyte. The exact concentrations and degree of Ca2" loading are indicated in the relevant figure legends.
Photolysis was achieved using a xenon arc lamp and power supply (Chadwick-Helmuth), which discharged a known, variable amount of electrical energy (20-200 J) in a 1-6 ms flash. The flashlamp was focused onto the recording area prior to the experiment; the focused spot had a diameter of approximately 4 mm and covered the whole slice.
The characteristics of the photolabile compounds used are given in Table 1 . When photolysed, nitr-5 and DM-nitrophen convert from high affinity to low affinity buffers and release bound Ca2". Nitr-5 is a 1,2-bis(O-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA) derivative (Adams, Kao, Grynkiewicz, Minta & Tsien, 1988) (Neher & Zucker, 1993) , which differs from earlier estimates (Kaplan & Ellis-Davies, 1988) . Diazo-4 converts to a high affinity calcium buffer upon exposure to UV light. This compound is a BAPTA derivative and has two photolabile groups, so a flash produces a mixture of species: singly photolysed (Kd 2-2 #M), doubly photolysed (Kd 55nM) plus some fraction unphotolysed (Adams, Kao & Tsien, 1989) . lonophoresis was carried out using a WPI ionophoresis unit model 160 connected to an electrode containing 0 5 M sodium glutamate, pH 8-0, giving a resistance of about 60 MQ. The ejection current used was constant at 70 nA. This electrode was advanced through stratum radiatum of the CAI area until a burst of action potentials could be produced from short applications of glutamate (5-20 ms) with short latency. These sensitive areas of the apical dendrites were highly localized and sometimes required several tracks to locate. The area of dendritic glutamate application varied from 40 to 60 % of the distance from the pyramidal cell body layer to the hippocampal 
RESULTS
In CAI pyramidal neurones, a short burst of action potentials is followed by a hyperpolarization generated by a voltage-insensitive Ca2+-activated K+ current (IAHP; Lancaster & Adams, 1986) . Following the cessation of Ca2" entry through voltage-dependent channels, this event increases in amplitude for a few hundred milliseconds (Fig. IC) . The reason for this slow time course of onset is not obvious, since it might be expected that Ca2+-dependent events would be maximal immediately after
Ca2" entry and decay monotonically thereafter. As a method for raising intracellular Ca2+, an alternative to entry through voltage-gated channels is release from a photolabile chelator, which gives a uniform rise in Ca2"
throughout the cell, assuming uniform illumination and chelator concentration. (Delaney & Zucker, 1990; Zucker, 1993 (Lancaster & Nicoll, 1987) . Upon flash exposure the spike broadening was reversed, indicating that photolysis had occurred. These negative results allow us to eliminate the DM-nitrophen remote possibility that reactive by-products could evoke flash-induced hyperpolarizations. When flash intensity is reduced, this results in lower percentage photolysis of DM-nitrophen per flash and allows a sequence of flash responses to be obtained. Figure 2A shows selected, individual records from a total of twentyone consecutive flash responses that were obtained in this cell using weak (20 J) flashes at 2-3 min intervals. At flash number twenty-two the DM-nitrophen was exhausted; the flash artifact was negligible. The main difference between the responses in this sequence was the much longer duration of the early flash responses. We propose the following explanation for this observation. Initially, the injected DM-nitrophen is only partly (around 50 %) bound to Ca2+. A weak flash photolyses about 15 % of the DM-nitrophen and the resultant equilibrium mixture still has total DMnitrophen in excess of total calcium. Thus Ca2+ is still buffered, but to a new, higher level since the remaining DM-nitrophen is more heavily Ca2+ loaded. Using a model of DM-nitrophen photolysis (details in Delaney & Zucker, 1990) , we calculate that 6 mm of DM-nitrophen injected with 3 mm Ca2+ in the presence of 2 mm MgATP, 2 mm free Mg2+ and 0 5 mm of a cytoplasmic calcium buffer with 5/uM affinity will equilibrate with a free Ca2+ concentration of 140 nm. After a single flash the remaining, largely magnesium-loaded, DM-nitrophen buffers Ca21 to 400 nm.
Successive flashes leave Ca2+ buffered to progressively higher levels, and this buffering effect of DM-nitrophen is able to retard Ca2+ removal processes, which must pump total Ca"+ off the exogenous buffer. Eventually photolysis will cause the total Ca2+ in the cytoplasm to exceed the concentration of unphotolysed DM-nitrophen; at that point, further photolysis releases Ca"+ only onto native buffers (which have a lower affinity than unphotolysed DM-nitrophen), allowing it to be removed more readily by transport processes.
All flash responses, regardless of duration, consisted of a hyperpolarization with a rapid onset. Figure 2Ba shows traces from a different cell from A, in which responses 2 and 11 (out of 12) have been normalized to the peak and superimposed. The early responses may be generated by a Ca2+ change including an initial spike of Ca2+ (large release followed by rebinding), whereas late responses come from a small amount of remaining, but Ca2+-saturated, buffer which produces only a step in Ca"+ concentration. Nevertheless, all flash responses showed little delay. This observation, combined with responses to nitr-5 photolysis which only causes a step in Ca2+, indicates that a large Ca2+ transient to early DM-nitrophen flashes is not necessary to cause the rapid onset of the responses. The onset of the flash response tracks the hyperpolarization caused by current injection (Fig. 2Bb) Figure 4 . Block of the slow AHP by photolysis of diazo-4
The slow AHP following a burst of action potentials was elicited at 30 s intervals. The preparation was exposed to a 50 J flash at 16-5 and 27-5 min. Inset shows sample records from control, single-and double-flash periods. Diazo-4 in the electrode was 3-5 mM; membrane potential, -65 mV. Figure 3B shows a common sensitivity of the AHP (trace I) and the flash response (trace UV) in the same cell. The AHP and the response to a second weak flash were blocked in tandem after 4 min in the presence of 1 /1M isoprenaline. The converse experiment to rapid activation of AHP current is to investigate whether the AHP can be deactivated rapidly following a photolysis-induced increase in calcium buffer within the cell. A step in calcium buffer was achieved by photolysis of diazo-4, which undergoes an affinity increase from a Kd of 89 /SM to 55 nM upon complete photolysis (see Methods). The efficacy of this J1~~~~~~~~~~~~-L42MJKLW .
. Having established that diazo-4 behaved as expected, the question of how rapidly this effect took place is addressed in Fig. 5A for the AHP and Fig. 5B for IAHP (two different cells). The top of Fig. 5A shows three superimposed records of membrane potential following a burst of three action potentials before, during and after a 50 J flash. The flash discharge followed current injection with a latency of 400 ms and caused a step decrease in the AHP. The lower trace illustrates for comparison the discharge artifact in isolation at the same membrane potential. Electrodes which contained diazo-4 (unlike DMnitrophen) had resistances sufficiently low to enable single electrode voltage clamp to be performed, which gave time resolution of the photolysis-induced change beyond the limitation of the membrane time constant. In Fig. 5B the flash response is a step decrease in IAHP 400 ms following the burst of spikes. The time course is shown at high resolution on the right. The discharge artifact breaks A through the clamp, giving a large biphasic signal, following which separation of the current traces is apparent in less than 10 ms. The flash blocked the ability of the cell subsequently to generate an AHP (bottom trace).
When photolysis of diazo-4 resulted in a reduction of AHP peak amplitude as in Fig. 4 , this was accompanied by alterations in peak latency. Production of intracellular buffer by photolysis increased the AHP peak latency. The data in Fig. 6A (same experiment as Fig. 4) show a tendency to longer peak latencies as the AHP gets smaller, i.e. as photolysis proceeds. The correlation coefficient for the best fit shown is only modest at 0-6, but scatter is present in the small amplitude events due to measuring error. The first twenty AHPs (before any photolysis) had a mean peak latency measured from the end of the depolarizing stimulus of 232 + 19 ms (S.D.; mean peak amplitude 5-3 + 0 5 mV). The final twenty AHPs after two 50 J flashes had a mean peak latency of 365 ± 43 ms (mean peak amplitude 2-9 + 0-4 mV). In contrast, a range of different amplitude slow AHPs evoked by varying numbers of action potentials showed no correlation between peak amplitude and latency (Fig. 6B) . Thus over the range of five spikes or less, fewer spikes produce less Ca2+ entry and smaller AHPs without changes in latency. On the other hand, if Ca2+ entry is constant but intracellular buffering is increased (as in Fig. 6A A Figure 6 . Increased calcium buffering prolongs the peak latency of the AHP A, AHP peak amplitude plotted against peak latency for the experiment in Fig. 4 (Jaffe et al. 1992 ).
An example of dendritic glutamate application is illustrated in Fig. 7A and B. In normal Ringer solution, glutamate pulses to the apical dendrites (Fig. 7A b; 15 ms pulse, 60 % of the distance from the cell soma layer to the hippocampal fissure) evoked a burst of sodium spikes similar to those elicited by current injection at the soma ( Figure 7A a) . These events were followed by slow AHPs of similar magnitude and time course (Fig. 7Ba) . This was the case for eight of ten cells; in two cells the glutamate application produced an AHP slightly larger by 10-20 %. The ionophoretic electrode was left in place during TTX application. In the absence of sodium spikes, longer duration glutamate applications (Fig. 7A c) were required to elicit the slow AHPs shown in Fig. 7Bb showed an AHP, five of six cells had an earlier AHP peak latency following glutamate pulses than following sodium spikes, e.g. Fig. 7Bc . In the cell shown in Fig. 7C , AHPs were evoked under three different conditions: injected current to produce sodium spikes (trace b); injected current in TTX and TEA Ringer solution, which produced a calcium spike (trace c); and dendritic glutamate application (trace a). A calcium spike (four of five cells) and dendritic glutamate pulses elicited AHPs which peaked during the rising phase of the AHP evoked by sodium spikes. It should be noted that the changes in time course are unlikely to be influenced by electrotonic characteristics of the cell, since even the fastest AHP is at least tenfold slower than the limit imposed by passive membrane properties. The results in Fig. 7 indicate that the time course of the Ca2"-dependent AHP is not invariant and can be manipulated in ways that should not interfere with Ca2"-induced Ca2+ release processes.
DISCUSSION
The photolysis of nitr-5 or DM-nitrophen evoked hyperpolarizations with very similar characteristics. The differences between the two buffers acted as a control for factors other than release of Ca2+, since they are derived from different parent compounds and produce different photoproducts. In addition, DM-nitrophen, unlike nitr-5, can bind Mg2+ as well as Ca2+. However, since photolysis of either compound produced hyperpolarizations, these are likely to be due to the Ca2' release, which is the only property in common, rather than to any effect of Mg2+ release or photolysis by-products, which would be unlikely to activate rapidly and specifically just the AHP current. It is noteworthy that a variety of Ca2+-sensitive proteins are sensitive to release of caged Ca2 , including K+ channels (Gurney, Tsien & Lester, 1987) , non-specific cation channels (Kimitsuki & Ohmori, 1992) , Ca2+ channels (Morad, Davies, Kaplan & Lux, 1988; Fryer & Zucker, 1993) , vesicle fusion proteins (Delaney & Zucker, 1990; Neher & Zucker, 1993) and contractile proteins (Lea, Fenton, Potter & Ashley, 1990) . Again, this is interpreted most sensibly as due to release of Ca2+ rather than other products.
The nature of Ca2+ release produced by nitr-5 and DMnitrophen is somewhat different. Nitr-5 produces a small amplitude step in Ca2+ concentration (Lando & Zucker, 1989) , whereas partly loaded DM-nitrophen additionally produces a large but short-lasting (1-2 ms) transient of Ca2+ immediately after a flash (Delaney & Zucker, 1990; Zucker, 1993) . Estimates of the Ca2+ concentration spike produced by DM-nitrophen photolysis are in the region of 100,uM (Zucker, 1993) . It is clear that the Ca2+ release from DMnitrophen must be large, since it can evoke transmitter release (Delaney & Zucker, 1990 ) and calcium channel inactivation (Morad et al. 1988; Fryer & Zucker 1993) , processes which seem to require the high Ca2+ levels Sugimori & Silver, 1992 ). In the experiments described here, a rapid-onset hyperpolarization was observed with both calcium chelators, implying that the speed of Ca2" release was the important variable rather than the concentration of free Ca2". Also, DM-nitrophen photolysis at the end of a sequence of responses (when a Ca2+ transient cannot be produced by the small quantity of saturated buffer remaining) still produced a rapid-onset hyperpolarization.
The variable rate of success with nitr-5 and DMnitrophen is indicative of some of the problems associated with these compounds (see Results). Insufficient loading with DM-nitrophen will allow Mg2" to displace all the bound Ca2+, whereas nitr-5 may buffer resting Ca2+ to levels that activate the current being studied. The latter problem was noted also in previous studies using nitr-5 to activate a voltage-independent K+ current (Gurney et al. 1987) . Problems associated with illumination, such as tissue absorbance or lamp focusing, can be ruled out because, under the same conditions, consistent success was obtained in diazo-4 photolysis, despite a quantum efficiency comparable to nitr-5 and DM-nitrophen.
The slow AHP is sensitive to a number of transmitters, the best characterized of which is the action of noradrenaline acting at fl-receptors (Madison & Nicoll, 1986) . Since flash responses, like the postspike AHPs, were sensitive to the fl-receptor agonist isoprenaline, this confirms the identity of the flash response as AHP current.
Thus, following Ca2" release from a photolabile buffer the AHP current is capable of much more rapid activation than following Ca2+ entry through voltage-dependent channels.
Calcium released from DM-nitrophen or nitr-5 did not cause activation of the large conductance Ca2+-activated K+ channel. Under the conditions of our experiments (membrane potential -60 to -70 mV), small conductance Ca2+-activated K+ channels are more sensitive to Ca2+ than the large conductance channels (Lancaster, Nicoll & Perkel, 1991) , which would require Ca2+ concentrations in excess of 10/M for significant activation (Franciolini, 1988; Barrett, Magleby & Pallotta, 1982) . Of the two calcium buffers we used, nitr-5 is incapable of raising Ca2+ to these levels.
Partly loaded DM-nitrophen can raise Ca21 to between 10 and 100 /SM, but only for periods of a few milliseconds (Zucker, 1993) , which would be coincident with the flash artifact and not resolved in our experiments.
Production of calcium buffer within the cell by diazo-4 photolysis caused irreversible reduction of the spikeevoked AHP amplitude. This result is in keeping with the block of the slow AHP by EGTA-or BAPTA-containing electrodes (Schwartzkroin & Stafstrom, 1980; Lancaster & Nicoll, 1987) . The important question for the purpose of this paper is the rapidity with which photolysed diazo-4 acts to block an evoked AHP. The diazo-4 flash response was a sudden step decrease in the AHP current that was complete within 10 ms; a time limit imposed mainly by the 236 J. Physiol. 475.2 associated with domains (Imredy & Yue, 1992; Llina's , settling time of the single electrode voltage clamp. These results agree with previous experiments in muscle fibres using the sibling compound diazo-2 (see Table 1 ), where rapid relaxation was produced and Ca2+ estimated to fall within 3 ms (Mulligan & Ashley, 1989; Palmer, Mulligan, Nunn & Ashley, 1990 ). The protons produced by diazo-4 photolysis are unlikely to result in significant changes in pH (Malenka, Lancaster & Zucker, 1992) (Sala & Hernandez-Cruz, 1990) , this is characteristic of an immobile buffer, which would not be expected for the diazo-4 photolysis product. In fact, a presumably mobile buffer like diazo-4 should speed the diffusion of free Ca2" (Irving, Maylie, Sizto & Chandler, 1990) . We have no satisfactory explanation to account for the prolonged time to peak of the AHP following diazo-4 photolysis. A second interesting observation was that a flash could produce an immediate step decrease in an evoked AHP, but not necessarily 100 % block even though the ability to block subsequent AHPs was complete. Thus Ca2+ at the channels was lowered only enough to reduce an AHP in progress, but the same amount of buffer blocked AHP generation.
This finding is consistent with the possibility that Ca2" must diffuse from the site of entry at voltage-dependent calcium channels to the site of action at the AHP channels.
One mechanism postulated to account for the slow onset and decay of a Ca2+-activated K+ current in cortical neurones is a calcium-dependent enzymatic cascade (Schwindt et at. 1992 (Mayer, MacDermott, Westbrook, Smith & Barker, 1987; Muller & Connor, 1991) More problematically, enzymatic cascades are normally considered as mechanisms for amplification of a response, current seen with stimulus protocols that increase Ca2+ entry (Lancaster & Adams, 1986) . Finally, any delay due to enzyme kinetics should be present regardless of the method of raising cytoplasmic Ca2+, yet Ca2+ release from DMnitrophen and nitr-5 can activate the AHP current almost an order of magnitude more rapidly than Ca2+ entry through the membrane.
If there were release of Ca2+ from internal stores, could this explain the time course of the slow AHP? Although evidence exists for such a mechanism in vagal motoneurones (Sah & McLachlan, 1991) , there are a number of impediments to this interpretation in hippocampal neurones. Most obviously, if Ca2+-induced Ca2+ release was involved, photolytically induced rises in Ca2+ might be expected to produce an AHP with a slow time course, in contradiction of our experimental results. Secondly, ryanodine binding sites are sparse in CAI compared to area CA3 and the dentate gyrus (Padua, Wan, Nagy & Geiger, 1991) . Furthermore, when release of Ca2+ from stores does activate outward current, as in smooth muscle, step voltage commands evoke transient outward currents (Zholos, Baidan & Shuba, 1991) consistent with the pulsatile nature of Ca2' release (Friel & Tsien, 1992) . In hippocampal neurones, however, AHP current evoked by step voltage commands is always graded such that larger amplitude or duration voltage jumps give rise to larger AHP current (Lancaster & Adams, 1986) . Recently, Hocherman, Werman & Yarom (1992) have noted the graded activation of slow AHPs in vagal motoneurones and also have questioned whether this is compatible with the mechanism of Ca2+ release.
Calcium-dependent outward currents have a high temperature sensitivity (Barish & Thompson, 1983) and this is true also for the AHPs of hippocampal and vagal motoneurones (Lancaster & Adams, 1986; Sah & McLachlan, 1991) . This temperature sensitivity was used to exclude free diffusion of Ca2+ as an explanation of AHP time course (Sah & McLachlan, 1991) , but clearly it does not exclude buffered diffusion of Ca2+, which is a more realistic assumption for cytoplasm in any case. The high temperature coefficient over 10°C (Qlo) might represent the temperature dependence of the calcium buffers and pumps upon which Ca2+ diffusion depends (Barish & Thompson, 1983) , or it may reflect a property of the AHP channels.
Experiments were also performed to manipulate Ca2+ influx to see if this alone could lead to changes in peak latency. The methods used (glutamate-induced dendritic depolarization or current-evoked calcium spikes) were designed to increase the relative amount of Ca2+ entering dendritic membrane. Under either of these conditions, Ca2+ influx was more likely to generate an AHP with an earlier peak latency than following sodium spikes. This observation is consistent with measurements of aminophosphonovalerate (APV)-insensitive Ca2+ influx in these cells (Regehr & Tank, 1992) , which showed that somatic Ca2" levels took longer to reach peak levels which is not compatible with the graded activation of AHP J Physiol.475.2 following influx than dendritic Ca2". Thus as the ratio of dendritic/somatic Ca2+ influx increases, one would predict an earlier peak to a Ca2+-dependent event such as the slow AHP if the latter arises from channels with a majority distribution on dendritic membrane. This result suggests that some AHP channels are located on pyramidal cell dendrites.
The rapid activation of TEA-sensitive Ca2"-dependent K+ current involved in repolarizing the action potential leads to the suggestion of a close proximity of the two channel types (Lancaster & Nicoll, 1987) . Such colocalization has been demonstrated clearly in saccular hair cells, where the data implied Ca2" and K+ channels lying within a 300 nm diameter area (Roberts, Jacobs & Hudspeth, 1990) . Our experiments in hippocampus indicate that, in contrast to the TEA-sensitive K+ channel, colocalization cannot be the situation for the majority of calcium and AHP-K+ channels. If buffered diffusion of Ca2" is the limiting factor in the rise of the AHP it is worthwhile considering some estimates of the distance involved. That is, how far can buffered diffusion carry calcium ions within the 400 ms available? This distance s can be estimated from the equation s = V/(2D t), where t is time and D the diffusion coefficient for calcium ions. In aqueous solution this value is 6 x 10-6 cm2 se', but a 50-to 100-fold lower value is necessary to account for the slower diffusion in cytoplasm containing immobile buffers (Smith & Zucker, 1980; Neher & Augustine, 1992; Allbritton, Meyer & Stryer, 1992) . Thus assuming an effective D of 012 x 10-cm' s', in 400 ms calcium ions in cytoplasm diffuse about 3/um. It is clear that, even given variable assumptions concerning buffering, the distance involved is small.
The simplest scheme consistent with our observations is that localized Ca2" entry acts on a uniform distribution of AHP channels. Thus one possibility for the delay of the slow AHP peak is redistribution of Ca2" from areas of the cell (soma and proximal dendrites; Jaffe et al. 1992) where entry occurs. However, the small distance available for this redistribution (<5 5um) would require a sharp cut-off between the areas of Ca2+ entry and the rest of the cell. Alternatively, within the area of membrane containing the active calcium channels, there may be clustering of these channels (Hirano & Hagiwara, 1989; O'Dell & Alger, 1991) , which would give rise to punctate Ca2+ entry. In this case, buffered diffusion into areas between Ca2+ domains would account for the rising phase of the slow AHP.
